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réSumé. — domaine vital automnal de tortues (testudo hermanni) suivies par radio-pistage dans un 
environnement méditerranéen semi-aride. — la phase d’activité automnale est cruciale pour la plupart des 
reptiles européens qui restent inactifs plusieurs mois durant l’hiver et qui doivent se préparer à cette période 
de latence en orientant leurs activités vers l’acquisition de nourriture et de réserves énergétiques. néanmoins 
les caractéristiques écologiques de cette phase d’activité automnale demeurent relativement inconnues pour 
la majorité des espèces reptiliennes, y compris les chéloniens. dans la présente étude nous avons suivi par 
radio-pistage quatre tortues (Testudo hermanni), deux mâles et deux femelles, durant la période d’activité 
automnale afin de comprendre les patterns de déplacement et l’étendue des domaines vitaux. l’étude de ter-
rain a été conduite dans une zone méditerranéenne semi-aride du centre de l’italie. les domaines vitaux ont 
été déterminés par la méthode du polygone convexe minimal et les taux de chevauchement des domaines 
individuels ont été calculés. les domaines dépassaient en moyenne les deux hectares et se sont avérés légère-
ment plus grands chez les mâles que chez les femelles, bien que la différence n’ait pas été statistiquement 
significative. il est apparu une substantielle différence interindividuelle dans la taille des domaines au sein 
d’un même sexe, confirmant ainsi des patterns déjà observés ailleurs sur des tortues. les chevauchements 
des domaines se sont avérés très faibles entre les individus, particulièrement entre les deux mâles. ces don-
nées sont discutées en rapport avec les principaux types d’activité que montrent les tortues durant la phase 
automnale.
the annual activity cycle of european reptiles is characterized by a more or less prolonged 
inactive phase during the winter months because of the cold external temperatures (e.g., Bruno 
& maugeri, 1977). thus, for several reptile species the phase of autumnal activity is crucial 
in order to re-build the energy reserves necessary to spend the winter and for reproduction to 
take place the following year (e.g., luiselli, 1992; Bonnet et al., 1998). nonetheless, despite 
its importance for the ecology of most temperate zone reptiles, the autumnal phase of activ-
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ity remains badly known. for instance, whereas plenty studies have monitored movements 
of reptiles during spring- and summertime, i.e. during the mating season and the oviposition 
period (e.g., see calzolai & chelazzi, 1991; madsen, 1984; luiselli, 1995; Zuffi & odetti, 
1998), very few research has been done in order to determine the homing patterns of temperate 
reptiles during autumn. thus, studies focused on determining homing patterns and movements 
of european reptiles in autumn will provide a fertile field of investigation in the years to come, 
and will likely allow scientists to better understand optimization strategies for homing and 
gaining energy in this crucial period of the activity cycle.
Studies on homing patterns are not only decisive to understand more in depth the autum-
nal activity of reptiles, but may also be useful to help conservation planning for threatened 
species. the hermann’s tortoise (Testudo hermanni gmelin, 1789) is increasingly threatened 
in Western europe and in italy because of habitat loss, pollution, and illegal removal of free-
ranging specimens for the pet trade (corbett, 1989; hailey, 2000; mazzotti, 2004). hence, a 
detailed knowledge of the biology of this species is necessary for conservation and appropriate 
management of the various populations, especially in areas where large populations can still be 
present because of the presence of suitable climatic and environmental conditions
our aim in this study is to address preliminary data on movements and homing patterns of 
Testudo hermanni during the autumnal months, at a mediterranean area of central italy charac-
terized by semi-arid climate and sparse vegetation cover. 
mAteriAlS And methodS
the study area was included in the ‘Parco naturale regionale marturanum’ (Barbarano romano, Province of 
viterbo, latium, italy), a over 1200 hectares protected area with altitudes ranging between 175 and 541 m a.s.l. the 
geographic position of this territory is very interesting, because it is situated between the temperate and the mediterranean 
zones (Blasi et al., 1993). thus, various kinds of woodlands are present: from mixed oak forests with predominance 
of Quercus cerris, or of Quercus roverella, to zones with bushy and scrub vegetation (with dominance of spartium 
junceum, or of Pliurus spina-christi, Pyrus amygdaliformis and Rubus sp.). A wide variety of grassy pastures, due to a 
different combination of exposition, topography and human impact (xerophilous; mesophilous; meso-hygrophilous), are 
also found. tortoises are still relatively common in the study area (luiselli et al., unpublished data). 
radio-tracking was conducted in an area characterized by semiarid climate conditions, with vegetation including 
a mosaic of bushes or sparse brush of Pliurus spina-christi, Pyrus amygdaliformis and Rubus sp. grass between the 
bushes was usually very low because of intense grazing, and the ground was also characterized by sparse but widespread 
stones. other reptile species at the radio-tracking site include Podarcis muralis, Podarcis sicula, Lacerta bilineata, 
hierophis viridiflavus, Coronella girondica, elaphe quatuorlineata, Zamenis longissimus and Vipera aspis.  
for this study we radio-tracked two free-ranging adult females (respectively, t1 was 16.3 cm linear carapace 
length, and t3 was 13.0 cm), and two free-ranging adult males (t2, 13.0 cm long, and t4, 14.0 cm long). t3 had the 
carapace partially damaged, and got a veterinary treatment on the shell before being radio-implanted. radio-transmitters 
(SikA collar cable-tie type, modified in order to fit with tortoise morphology, and weighing less than 5% of the tortoise 
mass) were externally implanted on the dorsal part of the carapace by silicon glue, in a position that was particularly 
convenient to allow normal movements and activity to the animals. tortoises were kept in captivity for 2-5 days after 
transmitter attachments before being released to the capture site. for radio-tracking, we used a SikA Biotrack radio-
tracking receiver equipped with a flexible four-element Yagi antenna.
the four tortoises were radio-tracked through the whole autumn season, i.e. from early September to early december 
2007. the time elapsed between two successive fixes varied depending on the phase of the research monitoring: every 
day during the first weeks and every 2-3 days during the period of least activity of the tortoises (november and early 
december). in total, over 900 hours were spent in radio-tracking tortoises in the wild.
We recorded by gPS 60 garmin the geographic coordinates (utm grid) of each data fix for every tortoise 
individual. on each visual sighting, the type of activity exhibited by tortoises was recorded (these data will be used for 
a forthcoming article). 
to calculate home range size, here we used the minimum convex polygon method (hayne, 1949). this method 
has been recently recommended as the best method for calculating home ranges in reptiles (row & Blouin-demers, 
2006) despite the frequent use of the kernel method (Powell, 2000). home range areas (in m2) were calculated using a 
giS software (eSri Arcview, version 3.2), either for all individuals together or separated by sexes. We retained 95% 
of the point locations per individual, using cAlhome software (kie et al., 1996). At least 30 independent fixes were 
retained for analysis for each individual, with an interval between two consecutive fixes of at least 2 days to avoid data 
pseudoreplication. overlap area between the home ranges of two different individuals was measured in m2 using giS 
(eSri Arcview, version 3.2), and the percentages relative to the means of the two areas considered were then calculated 
(ferner, 1974; Brown et al., 1995). in practice, ‘percent overlap’ is the percent of focal individual’s home range shared 
with one or more other individuals of the specified sex:
Percent overlap = ((X ∩ Y1) ∪ (X ∩ Y2) ∪…(X ∩ Yn))/ X
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where we define X, Y1,…, Yn to indicate the home range area of the focal individual X and the overlapping tortoises 
Y1 through Yn, and where the symbols in the above-formula define intersection (∩) and union (∪) (see also Abell, 1999). 
these overlap percentages were used for the descriptive analyses. overlaps were calculated for the following three 
groups: (i) male vs. male, (ii) female vs. female, and (iii) male vs. female. 
inter-group differences were analysed, due to the very small sample sizes, by a monte carlo randomisation 
procedure of mann-Whitney u-test, with 10,000 permutations (gotelli & graves, 1996). All statistical tests were 
performed using a StAtiSticA 7.1 software, with all tests being two-tailed and alpha set at 5%.
reSultS
mean home range area was 21 100 m2 after pooling males and females. home range area 
averaged larger in males than in females (tab. i), but there was a substantial inter-individual 
difference in home range size even within sexes. overall, the home range sizes of males and 
females were not significantly different (monte carlo Z = -0.775; exact p = 0.667, range of 
confidence limits for p after 10,000 randomisations = 0.657-0.669), although this may have 
obviously depended on the very small sample sizes. the smallest home range was recorded for 
t3 that had a damaged carapace. this sub-optimal physical condition may have affected her 
homing performance, thus explaining why her home range was much smaller than that of the 
other three individuals.
in figure 1 we show the giS home range profiles for the two males and the females, 
including the relative overlaps. the highest overlap was observed between the home ranges of 
tABle i
descriptive statistics for the home range areas (m2) of male and female testudo hermanni 
n indiv. mean min max variance S.d. S.e.
total 4 21140 3766 47226 388.04 19.70 9.85
males 2 27765 8304 47226 756.46 27.52 19.46
females 2 14515 3766 25265 231.10 15.20 10.75
S.d. = Standard deviation; S.e. = Standard error.
0
N
Mcpt3.shp
Mcpt2.shp
Mcpt4.shp
Mcpt1.shp
200 200 400 Meters
figure 1.  — home ranges, and their relative overlaps, among the various radio-tracked tortoises in the study area. 
individuals named t1 and t3 were females, and those named t2 and t4 were males. Symbols: mcpt1.shp = home 
range of t1; mcpt2.shp = home range of t2; mcpt3.shp = home range of t3; mcpt4.shp = home range of t4.
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the two males (t2-t4) with an overlapped area of 830 m2 (fig. 2). the t4 home range was also 
overlapped with those of the two females, and especially with that of t1 (226 m2, but only 11 
m2 with t3; fig. 2). the percent overlaps among the three categories considered in this study 
(tab. ii) were on average very low (0.7%), this evidence being clear also with regard to male-
male overlaps (0.3%). 
diScuSSion
A first evidence of this study is that male autumnal home ranges were slightly larger than 
female ones, although not at a statistical significant level. this relative inter-sexual difference 
in home range area mirrors evidence already got from other reptiles, with sex being one of the 
main determinants of inter-individual differences in home range area (e.g., rose, 1982; Perry 
& garland, 2002 for reviews). With regard to Testudo hermanni, literature data are quite con-
trasting. Some studies reported no difference between sexes (longepierre et al., 2001; hailey, 
1989; Swingland & Stubbs, 1985), whereas others showed larger home ranges in males (Swin-
gland & Stubbs, 1985; calzolai & chelazzi, 1991; mazzotti et al., 2002). conversely, in other 
tortoises home range sizes are largest in the females (lagarde et al., 2003). 
the home ranges of the two males were also clearly different from each other, thus sug-
gesting the existence of diverging homing patterns between these males (as also revealed by 
figure 2. — histogram showing the overlaps (m2) between home range areas of the various individuals radio-tracked 
during the present study. individuals: t1 and t3 were adult females, t2 and t4 were adult males.
tABle ii
descriptive statistics for the overlaps (%) between pairs of home ranges, subdivided by categories
n mean min max variance S.d. S.e.
tot 6 0.73 0 2.98 1.33 1.15 0.47
c1 1 2.98 2.98 2.98 / / /
c2 1 0 0 0 / / /
c3 4 0.36 0 0.76 0.15 0.39 0.19
category symbols: c1 (male-male); c2 (female-female); c3 (male-female). S.d. = Standard deviation; S.e. = 
Standard error.
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the overlap data). indeed, male t4 had a substantial home range overlap with the two females, 
and was sometimes observed in the vicinity of these and other females (also trying to copu-
late), whereas the male t2 did not. thus, we suggest that t4 was reproductively active during 
autumn, whereas the same was not true for t2. the mating season for these tortoises is gener-
ally described in may and in August-September (mazzotti & vallini, 2000), but it has also been 
suggested to be continuous for the whole active season, from spring to autumn (vetter, 2006). 
this latter is certainly the case in mediterranean central italy (luiselli et al., unpublished 
data). 
overall, this study also confirms that there is a huge inter-individual difference in home 
range size among tortoises even within the same population. for instance, moskovitz & kiester 
(1987) found a 200-fold difference in individual Geochelone home range sizes, with several 
individuals exceeding home range size of Testudo hermanni in the present study. Similar con-
clusions were also reached with radio-tracked tropical tortoises (Kinixys erosa and Kinixys 
homeana, see lawson, 2006) as well as temperate tortoises (Smith et al., 1997), thus showing 
that local bioclimate is not the determinant factor for the magnitude of tortoise movements. We 
suppose that the movements of tortoise individuals may instead be potentially constrained by 
the local availability of suitable retreats (e.g., burrows, large bushes) or suitable hibernacula.
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